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Evaluation of foxtail millet yield stability and
adaptability using GGE-biplot analysis:
A case study of ‘Yugul8’ foxtail millet cultivar
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Abstract In this study, the GGE-biplot double plot software was used to analyze the high and stable yield and
adaptability of 25 millet varieties such as “Yugu 18 in the national millet regional test from 2010 to 2011, and evaluate
the adaptability of the target region. The results of two-year regional experiment showed that: 1) the vertical foot of
‘Yugu 18” on AEA axis was the closest to the square, and its high yield was excellent; the projection distance on AEC
axis was the shortest, and its stable yield was outstanding. 2) ‘Yugu 18" was the closest to the ideal variety, and its
comprehensive performance of high and stable yield was better than that of the control variety ‘Jigu 19’ and other
tested varieties. 3) ‘Yugu 18’ was the winner of polygon apex, and the most suitable planting area covers most areas
of North China summer valley region, which was the most adaptable variety. 4) Compared with the yield of ‘Jigu 197,
‘Yugu 18’ had obvious planting advantages in most areas of North China summer valley. It was showed the ideal
characteristics of “Yugu 18" for high yield, stable yield and wide adaptability in the summer valley region of North
China, which provided theoretical basis for the popularization and application of ‘Yugu 18”.
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Table 1 Discription of foxtail millet cultivars in the national foxtail millet region trials in the

summer sowing region of North China in 2010—2011

Hy e i B N kg AR TR %L (S E 1
Year Cultivar Abbreviation Plot yield Ideal index Stability index
w372 C372 6.7340.76 cC 2.1 0.5
1 213 B213 6.82+0.68 ¢cCD 2.2 0.9
206058 v206058 7.21£0.93 bB 1.7 0.8
ffif 2001 H2001 6.42+0.85 dD 2.6 0.3
2010 200131 v200131 6.6140.79 dD 2.1 0.7
B4 19 YG19 7.0840.96 adAB 1.6 0.1
B 18 YG18 7.4940.74 Aa 0.7 0.2
¥ 0515 JO515 6.6940. 81 deD 2.1 0.3
#B 06-6 706-6 6.5240.89 Ed 2.8 0.4
A2 351 A¢ A2C 6.27+0.93 Ed 3.3 0.4
A 19(ck) JG19 6.5340.97 Ed 1.6 0.3
M1508 M1 6.3+0.78 bB 2.3 0.1
K1174 K1 6.2540.5 bB 2.3 0.3
X 07-1 207 5.92£0.89 ¢C 3.1 0.1
200475 v20 6.3140.92 bB 2.3 0.8
{4 200302 B20 5.7340.73 eE 3.6 0.1
¥ 0506 J0O5 6.24+0.77 beBC 2.1 0.5
369 C369 5.88+0.84 dD 2.4 0.3
2011 £1 3839 S38 5.84+0.69 dD 3.2 0.1
¢ 7505 JA 6.63+0.83 aA 1.3 0.1
A2X4170 A24 5.89+0.86 dD 3.5 1.2
A2XEAR 1 A2X 5.8740.94 dD 3.2 0.2
w372 C372 5.67+0.86 ¢E 3.3 0.2
14+ 213 B213 6.4140. 81 aA 2.4 0.2
B4 19 YG19 6.35+0.79 abAB 2.2 0.1
B4y 18 YG18 6.9740.72 aA 0.9 0.1
A 19(ck) JG19 5.96£0. 85 cC 3.2 0.3

T ARRVNG MUK E F R4 R R e 5% M 10K LR B3,
Note: Yield data in each year followed by different lowercases and capital letters are significantly different at 5% and 1%

probability levels, respectively.
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Table 2 Geographical factors and planting regions of test locations of national

foxtail millet regional trials in the summer sowing region of North China

8 M ez 72 4 3 /m

Trial location Code Longitude Latitude Altitude
WAL A KL SJZ 38°02' 114°30' 82
Wb P LX 39°45' 118°41' 46
by R WA 36°41' 114°11' 194
AL g e BD 38°52' 115°27' 25
Wb M Cz 38°18' 116°49’ 12
Tt 4g K T HS 37°44' 115°39' 24
AT AL 4 R T HD 36°37' 114°32' 55
WALE BT JX 35°34/ 118°49' 113
] e A 2 PH T AY 36°05' 114°23' 71
T 44 ¥ BH T LY 34°37' 112°26' 146
AT 2 A T 77 34°44' 113°37' 110
INARB B JN 36°33' 116°44' 149
AR A8 18 M T DZ 37°26' 116°21' 23
LT B IX BJ 39°54' 116°24 52
1T 748 M T 17 41°05' 121°07' 23

£3 20102011 FERAFRBABELESRATFRMTENRATENN
Table 3 Combined analysis of variance for foxtail millet yield from the national foxtail

regional trials in the summer sowing region of North China in 2010—2011

A AR SRR ER:DE 5 i ¥y F
Year Variation source df SS MS
HN X 4 1A 20 8.227 812 0.411 391 1.2
J [ Y 10 49. 254 340 4.925 434 14.9™
IR 9 184. 387 800 20. 487 530 61.8"
2010
IR 0 X< IR B 90 115.194 900 1.279 944 3.9
P S 200 66.322 000 0. 332 000
AR R 329 423. 387 000
X 41 26 24,677 600 0.949 139 4.6
JHe R Y 15 108. 478 600 7.231 904 34,8
73 12 610.179 400 50. 848 280 244, 6™
2011
J R A X PR 180 177. 390 300 0.985 502 4.7
R 2 390 81. 068 000 0.208 000
AR 623 1 001.794 000

e oxx TR E D FE (P<0.0D).

Note: ** indicates significant difference at 0. 01 level.
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C372., 372;B213, {4 213;v206058,206058; H2001, 7 2001;v200131,200131; YG19. B4 19; YG18,# 4 18;J0515, 1%
05153206-6, #8 06-6; A2C, A2 X ] 351 28 ;JG19, 34 19; M1, M1508; K1,K1174;207, 45 07-1;5v20,200475; B20, {4 200302;
JO5. %% 050635C369, 78 36935538, 41 3839;JA.H4 7505;A24,A2X4170; A2X, A2X EA 1, T,

PC1, first principal component; PC2, second principal component. The same below. The plus sign “+” shows the test
location. “ x* ” is cultivar. The small circle in the figure is the average value of the coordinates of the position of the test
location, representing the target environment. The straight line through the origin and the average environment is the average
environment axis, and the arrow direction of the AEA axis is in the positive direction. The relative position of the tested
varieties on the AEA axis corresponds to the high yield and the closer they are to the positive direction, the better the high
yield. The stability is represented by the vertical line from tested varieties to AEA axis. The farther the distance the worse the
stability, and vice versa, the better the stability.

C372, Cang 372; B213, Bao 213; v206058, 206058; H2001, Heng 2001; v200131, 200131; YG19, Yugu 19; YGI18,
Yug 18; JO515, Ji 05155 Z06-6, Zheng 06-6; A2C, A2XCe 351 Bian; JG19, Jigu 19; M1, M1508; K1, K1174; 207, Zheng
07-1; v20, 200475; B20, Bao 2003023 J0O5, Ji 0506; C369, Cang 369; S38., Shi 3839; JA. Jingan 7505; A24, A2X4170;
A2X, A2XXiafu 1. The same below.

1 2010(a)#0 2011 £ (b) AL FARARF~E GGE WirE M F = E 5~ Thae E
Fig. 1 Mean and stability view of the GGE biplot for millet yield data from the millet regional

trials in the summer sowing region in north of China in 2010 (a) and 2011 (b)
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“0” at the center of concentric circle is the mark of the ideal cultivar. Draw several concentric circles with the ideal cultivar

as the center of the circle. The closer to the center of the circle is the better the cultivar.
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Fig. 2

Ideal cultivar view of the GGE biplot for millet yield data from the millet regional

trials in the summer sowing region in north of China in 2010 (a) and 2011 (b)
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The varieties farthest from the origin in the same direction are connected in turn to form a polygon. The vertical line is
drawn from the origin of GGE biplot to each side of the polygon to form many different sectors. Varieties distributed in the same

sector belong to the same environmental combination. In each sector, the varieties located in polygons are the best

environmental combination.

SJZ, Shijiazhuang, Hebei; LX, Luanxian, Hebei; WA, Wuan, Hebei; BD, Baoding, Hebei; CZ, Cangzhou, Hebei;
HS, Hengshui, Hebei; HD, Handan, Hebei; LX, Juxian, Hebei; AY, Anyang., Henan; LY, luoyang, Henan; ZZ,
Zhengzhou, Henan; JN, Jinan, Shandong; DZ, Dezhou, Shandong; BJ, Beijing; JZ, Jinzhou, Liaoning.

B 3 2010(a)F0 2011 £ (b) % EAXEAR F= 2 GGE AR E K “IE T ME XX 5 15 E
Fig. 3 Which-Won-Where view of the GGE biplot for millet yield data from the milletregional

trials in the summer sowing region in north of China in 2010 (a) and 2011 (b)
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Connect the icons of two comparative varieties with a strait directly and draw a vertical line from the origin of GGE biplot to this

strait. This vertical line is called an isoline and the values of varieties are equal in any environment on the isoline. The farther the

cultivar is from the isoline, the better the performance of this cultivar in the target environment.
E 4 2010(a)fn 2011 £ (b)ERAFRFIREELETEBFXARFF~E GGE AR E B “ B X b 87 1h e B
Fig. 4 Pairwise comparison view of the GGE biplot for millet yield data from the millet regional

trials in the summer sowing region in north of China in 2010 (a) and 2011 (b)
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